While the absolute cause of preterm birth is difficult to identify in most individual cases, risk factors for preterm birth have been identified and include African-American ethnicity, vaginal bleeding during pregnancy, low BMI, anemia, certain vaginal or urinary tract infections during pregnancy, multifetal gestation, a history of a cervical excisional procedure, such as a cone biopsy, a short cervix during pregnancy, and a history of a prior spontaneous preterm birth [4] . Despite these known risk factors, attempts at significantly reducing the rate of preterm birth have largely failed with few exceptions.
Progestin supplementation during pregnancy has been studied since the 1950s as a means to reduce the risk of preterm birth, particularly in women identified to be at high risk of preterm birth based on historical risk factors or physical examination. 17-a hydroxyprogesterone caproate (17OHPC) is one form of progestin treatment that has been studied in pregnancy to reduce the risk of spontaneous preterm birth. In the past, 17OHPC was marketed under such brand names Delalutin ™ and Hydrogest ™ . However, it fell out of use during the 1990s due to controversy over its effectiveness in preventing pregnancyrelated complications and improving neonatal outcomes. Interest in the drug was revitalized by a multicenter randomized controlled trial in the USA that was published in 2003 [5] .
In February 2011, the US FDA approved 17OHPC for use during pregnancy for the prevention of recurrent spontaneous preterm birth in women with a history of a prior singleton preterm birth. Currently marketed in the USA under the trade name Makena ™ , 17OHPC has been shown to reduce the rate of recurrent preterm birth in women carrying a singleton gestation who have had a prior spontaneous preterm Preterm birth (defined as delivery prior to 37 weeks of gestation) complicates one out of eight pregnancies in the USA. While the rate of preterm birth in the USA rose from 10.6% in 1990 to a peak of 12.8% in 2006, more recent data from 2008, the latest year for which US data are available, demonstrated a slight improvement. The preterm birth rate in 2008 was 12.3%, which represents a 3% decline from the previous year [1] . Approximately 80% of preterm births are considered to be spontaneous due to either preterm labor or preterm premature rupture of membranes (PPROM) [2] . The remaining 20% are considered to be medically indicated preterm births, usually due to pre-eclampsia, intrauterine growth restriction or other indications.
Preterm birth is associated with significant neonatal morbidity and mortality. Prematurity is the leading cause of infant death in infants born without birth defects, accounting for 16.9% of infant deaths in 2008 [1] , and is associated with significant short-and long-term morbidities. Short-term morbidities related to prematurity include respiratory distress syndrome, intra ventricular hemorrhage, necrotizing enterocolitis, sepsis, bronchopulmonary dysplasia, retinopathy of prematurity, periventricular leukomalacia and patent ductus arteriosus. More concerning, however, are the long-term morbidities associated with preterm birth such as cerebral palsy and cognitive and behavioral deficits.
Prematurity is associated with a high economic burden. According to the Institute of Medicine, short-term hospital costs during the first year of life are estimated to be US$5.6 billion. Prematurity is also associated with at least US$26 billion in overall societal costs per year in the USA, which equates to more than US$51,000 per premature infant [3] .
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17-a hydroxyprogesterone caproate for the prevention of preterm birth
Simi Gupta & Ashley S Roman* 17-a hydroxyprogesterone caproate is a synthetic form of the natural progestin 17-a hydroxyprogesterone that is US FDA approved for the prevention of recurrent spontaneous preterm birth in women with a history of a prior singleton preterm birth. For women with a history of a prior spontaneous preterm birth between 20 weeks and 36 weeks and 6 days of gestation, the use of 17-a hydroxyprogesterone caproate has been shown to reduce the risk of recurrent preterm birth by more than 30%. This medication is the only drug currently FDA approved for the prevention of preterm birth, and it is the first drug the FDA has approved for use exclusively during pregnancy in approximately 15 years.
birth of a singleton pregnancy. It is FDAapproved for this indication only, and the recommended dosing and administration is 250 mg to be administered intramuscularly on a weekly basis starting at 16-20 weeks of gestation and to be continued through 36 weeks gestation or delivery, whichever is achieved first. In the USA, 17OHPC is also available via compounding pharmacies; due to concern regarding patient access to the drug, the FDA indicated in a March 2011 press release that it would not take enforcement action against compounding pharmacies that fill a valid prescription for 17OHPC.
Overview of the market
Currently, there are few available therapies that have been shown to reduce the rate of preterm birth in women identified to be at high risk of preterm birth. For years, most interventions instituted during pregnancy have focused on reducing risks of neonatal morbidity related to prematurity, and not the rate of prematurity itself. Two examples are corticosteroids and magnesium sulfate. Corticosteroids (e.g., betamethasone or dexamethasone) administered to pregnant women at risk of preterm birth have been shown to reduce the risk of neonatal morbidities such as respiratory distress syndrome and intraventricular hemorrhage and perinatal mortality [6] . Magnesium sulfate administered to pregnant women at risk of imminent preterm birth is associated with a lower risk of cerebral palsy in offspring [7, 8] . But few therapies have been shown to reduce the chance of preterm birth itself.
Attempts to arrest preterm labor with tocolytics have been shown to be largely unsuccessful. A number of trials have evaluated the efficacy of tocolytic agents, such as calcium channel blockers, b-agonists, magnesium sulfate and nonsteroidal anti-inflammatory drugs, with variable results. A meta-analysis, however, concluded that while they may increase the duration of pregnancy up to 1 week, tocolytics in general do not reduce the risk of preterm birth and are associated with significant fetal and maternal side effects [9] . This delay in delivery does have the benefit of allowing for administration of antenatal corticosteroids.
Antibiotics have also been studied as a means to delay preterm birth in patients with preterm labor or PPROM. For patients with PPROM, antibiotic therapy has been shown to prolong the interval of time from membrane rupture to delivery, but it has not been shown to reduce the risk of preterm birth in these women [10, 11] . On the other hand, for women with preterm labor and intact membranes, antibiotic treatment has neither been shown to delay delivery nor reduce the risk of preterm birth [12] .
Given these limitations, much of the focus in recent years has been on identifying women at high risk of preterm birth and instituting measures to prevent preterm birth before the onset of preterm labor or ruptured membranes. Progestins have been shown to reduce the risk of spontaneous preterm birth in a number of different high-risk populations. 17OHPC, the topic of this review, has been shown to reduce the risk of recurrent preterm birth in the unique population of women with a prior singleton spontaneous preterm birth [5] . Recent studies have also demonstrated that other forms of progestins reduce the risk of preterm birth in various populations. Vaginal progesterone administered either in capsule, gel or suppository form has also been shown to reduce the risk of preterm birth in high-risk women. One randomized controlled trial demonstrated that vaginal progesterone 100-mg suppositories administered on a nightly basis reduced the risk of preterm birth <37 weeks in women with a history of preterm birth, uterine malformation or incompetent cervix [13] . However, a later study on the use of vaginal progesterone gel in patients with a history of a prior preterm birth did not show a significant difference in the risk of recurrent preterm birth [14] . Other randomized controlled trials have demonstrated that vaginal progesterone is associated with a reduced risk of preterm birth in women found to have a short cervix in the second trimester. Vaginal progesterone 200 mg capsules administered nightly were associated with a reduced risk of preterm birth in women with a short cervix detected via transvaginal ultrasound in the midtrimester [15] . Another trial also demonstrated a reduction in the risk of preterm birth with daily vaginal micronized progesterone gel in women with a short cervix [16] .
To summarize, given the difficulty in arresting preterm labor once it starts, there has been recent interest in initiating preventative measures in women identified to be at high risk of preterm birth before preterm labor starts. To date, progestin supplementation has held the most promise in preventing spontaneous preterm birth for women identified to be at high risk of preterm birth. 17OHPC has been shown to reduce the risk of preterm birth in the unique population of women with a history of prior singleton spontaneous preterm birth.
The compound & its chemistry
Progestins are steroid hormones and represent a class of drugs comprised of exogenous or synthetic forms of progesterone. 17OHPC is a synthetic progestin hormone that is an esterified derivative of 17-a-hydroxyprogesterone ( Figure 1 ).
17-a-hydroxyprogesterone is a naturally
occurring metabolite of progesterone that was originally isolated from the adrenal glands. It is metabolized from progesterone via 17-hydroxylase or from 17-hydroxypregnenolone via 3-b-hydroxysteroid dehydrogenase/∆5-4 isomerase. During pregnancy, 17-a-hydroxyprogesterone is primarily produced in the adrenal glands, both maternal and fetal; it is also generated by the corpus luteum to a lesser degree. It has minimal progestational activity, which is in contrast to 17OHPC, which has substantial progestational activity and a longer duration of action. 17-a-hydroxyprogesterone and 17OHPC have minimal androgenic activity.
Pharmacodynamics
Preterm labor is thought to be a consequence of independent changes in the cervix and the uterus. During both term and preterm labor, the cervix changes from its firm, long and closed state to a soft and pliable tissue, a biochemical process characterized by remodeling of the extracellular matrix and an increase in tissue concentrations of inflammatory mediators. During labor, the uterus demonstrates an increase in contractility and sensitivity to endogenous hormones such as oxytocin. Preterm labor appears to be associated with premature activation of cytokine release in the decidua and cervix. IL-1b, TNF-a and IL-6 increase production and activation of matrix metalloproteinases (MMP-1, -8 and-9), which digest collagen in the extracellular matrix of the cervix leading to effacement and softening of the cervix [17] . These cytokines are also released by leukocytes in the myometrium, resulting in the production of prostaglandins and oxytocin, which stimulate uterine contractions [18] .
In early human pregnancy, progesterone is produced by the corpus luteum and acts to maintain the pregnancy until the placenta takes over at 7-9 weeks of gestation. This conclusion is supported by the observation that removal of the corpus luteum in the early first trimester is associated with miscarriage, as is the use of progesterone receptor blockers [19, 20] . In later pregnancy, progesterone appears to maintain pregnancy via modulation of the immune response by reducing the production of pro inflammatory cytokines. Progesterone appears to act on the myometrium by relaxing myometrial smooth muscle, blocking the action of oxytocin and inhibiting the formation of gap junctions. These actions maintain uterine quiescence. Furthermore, progesterone also appears to modulate the expression of cytokines, prostaglandins and inflammatory mediators in the cervix, inhibiting the cervical ripening process [21, 22] . Animal studies in rabbits and rats have shown that high levels of progesterone maintain uterine quiescence until a fall in progesterone at the end of pregnancy leads to labor and delivery [23] . In humans and primates, however, labor is not preceded by a reduction in progesterone levels. There appears to be modulation of progesterone receptors in the decidua, amnion and cervix, which leads to a functional progesterone withdrawal prior to the onset of labor, which allows for the release of proinflammatory cytokines [24] . Thus, progesterone appears to prevent preterm birth by having a direct effect on inflammatory mediators in both the uterus and cervix.
The mechanism by which 17OHPC prevents preterm birth is not as well understood. Unlike progesterone, 17OHPC does not appear to exert an effect on the myometrium or decidua. One study evaluated the effects of 17OHPC on human myometrial tissue and the production of TNF-a (an inflammatory cytokine) and the expression of COX-2 (an enzyme that mediates the production of prostaglandins). The authors found no difference in the tissues that had been treated with 17OHPC versus those that had not [25] . Similarly, 17OHPC does not appear to have an effect on uterine contractility. A study using 
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human myometrial tissue compared the contractility of tissue treated with progesterone to that of tissue treated with 17OHPC [26] . The authors found that the tissue treated with progesterone at similar concentrations to that found in the placenta and uterus inhibited spontaneous myometrial contractility. However, this effect was not seen in the tissue treated with 17OHPC. The primary effect of 17OHPC in prolonging gestation appears to be within the cervix. A study in rats found that both 17OHPC and progesterone delayed cervical collagen degradation, with progesterone having a greater effect than 17OHPC [27] . Another study evaluated certain inflammatory mediators in the cervix in patients given 17OHPC versus control and found that in the treatment group, there was a significant decrease in the proinflammatory mediator IL-1b but not in IL-6, IL-8, TNF-a or nitric oxide [28] . Clinically, 17OHPC has been associated with less cervical shortening as measured by ultrasound when compared with placebo [29] . This effect on cervical length, however, was not substantiated by a larger study performed later that evaluated patients with a history of a prior preterm birth who were treated with 17OHPC according to the standard recommendations [30] .
Thus, 17OHPC appears to exert its primary effect on the cervix in preventing or delaying premature cervical ripening. Further study on the pharmacodynamics of the drug are warranted to clarify its mechanism of action.
Pharmacokinetics & metabolism Pharmacokinetics
Several studies have assessed the pharmacokinetics of 17OHPC: the first in nonpregnant women; the second in women carrying singleton gestations; and the third in women with twin and triplet pregnancies. The first study evaluated nonpregnant women who were receiving hydroxyprogesterone caproate for endometrial carcinoma [31] . Five patients received a single intramuscular injection of 1000 mg. The peak serum concentration for the drug was 44-81 nmol/l, which was reached after 3-7 days. The data were insufficient to evaluate serum half-life. This study also evaluated patients who received a loading dose of 1000 mg every day for 5 days and then either weekly or every 2 weeks. For these patients, the mean peak serum concentrations for the drug were reached at 2 weeks after the start of the treatment. Both groups had similar serum levels at 5 weeks, but there was a significant difference in the concentration at 13 weeks (140 ± 33 nmol/l in the group receiving weekly doses versus 72 ± 12 nmol/l in the group receiving doses every 2 weeks, p = 0.02). This study found no correlation between patient weight and serum drug concentration.
A second study presented as a scientific abstract but not published in manuscript form, evaluated the pharmacokinetics of 17OHPC in 17 women carrying a singleton gestation who had a history of spontaneous preterm birth [32] . The peak serum values were achieved at day 2 and ranged from 13 to 41 ng/ml. Gestational age did not appear to impact plasma concentrations and timing of peak concentrations. The terminal half-life of 17OHPC was 17 days after administration of the last dose.
A third study evaluated patients with twin or triplet pregnancies who were receiving 17OHPC for the prevention of preterm birth [33] . These patients received an intra muscular dose of 250 mg every week from 16 weeks gestation until 35 weeks gestation or delivery. This dosing is similar to what is recommended for patients carrying singleton pregnancies who have a history of spontaneous preterm birth. The average peak concentration was 17.3 ± 6.7 ng/ml, which was reached at the first postinjection sample at 1 day (1.2 ± 0.41 days). The apparent half-life was 10.0 ± 4.0 days. The results were consistent with a high intersubject variation in absorption and metabolism. They also found a significant linear relationship between 17OHPC plasma concentrations and BMI (r = -0.28 at 24-28 weeks gestation and r = -0.33 at 32-35 weeks gestation; p < 0.01) and found lower 17OHPC plasma concentrations in African-American women compared with Caucasian women (p = 0.051).
Thus, the 250 mg weekly intramuscular dose of 17OHPC reaches an average peak concentration at postinjection day 1 with an average half-life of 10-17 days.
Metabolism
17OHPC does not appear to be metabolized to 17-a-hydroxyprogesterone and caproate. One study demonstrated that 17OHPC is not hydrolyzed into these compounds by esterase enzymes found in human plasma, liver or placenta [34] . 17OHPC appears to be metabolized by human adult hepatocytes and, to a lesser extent, the placenta, forming three major metabolites, which are mono-, di-and trihydroxylated derivates of progesterone and caproate. Metabolism is mediated by the CYP3A4 and CYP3A5 enzymes. The intrinsic clearance of 17OHPC is similar between adult and fetal hepatocytes [35] . Rat studies have shown that the drug metabolites are 72% excreted in the feces and 12.5% in urine [36] . 17OHPC does appear to penetrate the placental barrier and is detectable in the fetal circulation [37] .
Clinical efficacy Phase II
A number of Phase II trials have evaluated the use of progestins to prevent adverse pregnancy outcomes. The difficulty in drawing conclusions from many of these trials lies in the fact that some studies used different forms and doses of progestins, had varied inclusion criteria, and evaluated different pregnancy outcomes. A meta-analysis published in 1990 was the first to limit evaluation to trials of 17OHPC only [38] . The goal of the meta-analysis was to evaluate the effect of 17OHPC on pregnancy loss and spontaneous preterm birth. This meta-analysis included five trials that assessed the risk of preterm birth in patients at high risk for preterm delivery treated with 17OHPC and found an odds ratio of 0.50 (95% CI: 0.30-0.85) for the risk of preterm birth in women who received 17OHPC. 17OHPC was not associated with a reduction in the risk of pregnancy loss. While the risk of preterm birth was reduced, there was no difference in the risk of neonatal morbidity or mortality between the groups. As a result, the authors concluded that although they were concerned with the small power and wide confidence intervals of the individual trials, the 50% reduction in the odds of preterm birth was important enough to warrant further research.
If one analyzes the five studies that they included in their meta-analysis, only two of the studies evaluated patients with inclusion criteria and treatment protocols similar to what is currently recommended today. One of these two studies was published in 1975 and included 43 patients with a history of at least two miscarriages or preterm births. Women were treated with 17OHPC 250 mg weekly from the time of initiation of care until 37 weeks [39] . 17OHPC was associated with a reduction in the risk of preterm birth from 41% in the patients receiving placebo to none in the patients treated with 17OHPC (p < 0.01). The other trial published in 1985 included 80 patients with the same inclusion criteria and treatment protocol as the last study [40] . However, in this trial, all of the patients received a prophylactic cervical cerclage. Nonetheless, the authors found a significant reduction in the risk of preterm birth from 37.8% in the patients receiving placebo to 16.1% in the patients treated with 17OHPC (p < 0.05).
Phase III
Phase III trials have evaluated the effect of 17OHPC for preventing preterm birth in several different populations.
History of a prior spontaneous preterm birth
The first major randomized, double-blind, placebo-controlled trial was conducted in the USA by the National Institute of Child Health and Human Development (NICHD). This trial enrolled women carrying a singleton gestation who had a documented history of spontaneous preterm delivery of a live-born singleton infant between 20 weeks and 36 weeks and 6 days of gestation due to spontaneous labor or PPROM [5] . Four hundred and sixty three women were randomized in a 2:1 ratio to receive 250 mg of intramuscular 17OHPC or placebo weekly starting at 16 weeks to 20 weeks and 6 days until delivery or through 36 weeks gestation. The baseline characteristics of the two groups were similar except that in the placebo group women had a higher median number of previous preterm deliveries per participant. The primary outcome of delivery before 37 weeks occurred in 36.3% of the 17OHPC group and 54.9% in the placebo group, which was statistically significant (p < 0.001). There were no significant differences in the rates of spontaneous miscarriage or fetal death. As far as neonatal outcomes, there was a significant reduction in the rate of low-birth-weight (birth weight less than 2500 g) but not very-low-birth-weight (birth weight less than 1500 g) infants. Furthermore, a reduction in the risk of several neonatal morbidities including the rates of necrotizing enterocolitis, need for supplemental oxygen, and intra ventricular hemor rhage was observed with 17OHPC treatment. There was no difference in infant death between the groups.
While this study was largely met with enthusiasm from the obstetric community, several criticisms of the study were raised. One major criticism of the study was the high baseline rate of recurrent preterm birth in the placebo group. However, this criticism has been refuted on the basis of demography [41] . Approximately 60% of women enrolled were African-American, a known risk factor for preterm birth, the mean gestational age of the prior preterm birth was 31 weeks, and 32% of enrollees had more than one prior preterm birth. Therefore, the population studied was at high risk of recurrent preterm birth based on these factors. Women in the placebo group were found to have a higher median number of preterm births. But, since the study was able to demonstrate not just a reduction in the risk of preterm birth but also in the risk of several neonatal morbidities, these findings had a significant impact on obstetrical care of women with a history of preterm birth in the USA, prompting the American College of Obstetricians and Gynecologists to release a statement within 1 year of the study's publication indicating that some form of progestin supplementation may be considered for women with a history of a prior singleton preterm birth.
Other indications
Since the publication of the NICHD singleton trial, there have been several large studies evaluating the use of 17OHPC to prevent preterm birth in other patient populations at risk of preterm birth.
Multifetal gestations
Two large studies looked at the use of 17OHPC in women with twin and triplet pregnancies. In the first, 661 women with twin pregnancies were randomized to 17OHPC starting at 16-20 weeks and continuing until delivery or 35 weeks [42] . The primary outcome of delivery or fetal death prior to 35 weeks was not significantly reduced in the progesterone group. In the second study, 134 women with triplet pregnancies were randomized to 17OHPC in a similar fashion [43] . In this study, there was also no significant difference in the primary outcome of delivery or fetal death prior to 35 weeks. Therefore, 17OHPC does not appear to reduce the risk of preterm birth in patients carrying a multifetal pregnancy.
Short cervix/cerclage
Additional studies have also looked at patients at risk for preterm birth based on a short cervix by ultrasound during the pregnancy. One randomized controlled trial of 79 patients with a cervical length less than 25 mm compared 17OHPC to cerclage and found no difference in spontaneous preterm birth at less than 35 weeks between the two groups [44] . In a different secondary analysis of a randomized controlled trial, the effect of 17OHPC on the risk of preterm birth was evaluated in women with a short cervix in the midtrimester (<25 mm) who also had a history of a prior singleton preterm birth [45] . In this study, some of the women received cerclage. The authors observed no additional benefit of 17OHPC to patients who had received a cerclage, but 17OHPC reduced the risk of previable birth and perinatal mortality for patients with a short cervix who had not received cerclage. A third study, a secondary analysis of patients with twin pregnancies who also had a cervical length less than 25 mm, found no benefit from 17OHPC for these patients [46] . Therefore, at the present time, there is a lack of data demonstrating a benefit of 17OHPC in women with a short cervix, and it is not recommended for this indication.
Preterm premature rupture of membranes While the NICHD singleton trial included patients with a history of PPROM in the study and found a benefit to 17OHPC in the overall analysis, one study evaluated the benefit of 17OHPC in reducing the risk of preterm birth for women presenting with PPROM in their current pregnancy. In this randomized controlled trial, 69 women carrying a singleton gestation were randomized to 17OHPC or placebo if they presented with PPROM between 20 and 30 weeks of gestation. 17OHPC was not associated with pregnancy prolongation [47] .
In summary, a Phase III trial supports the benefit of 17OHPC in reducing the risk of recurrent spontaneous preterm birth for women carrying a singleton gestation who have a history of spontaneous preterm birth of a singleton gestation. Data do not support the use of 17OHPC for other populations at risk of preterm birth such as multifetal pregnancies, women with a short cervix or pregnancies affect by PPROM.
Postmarketing surveillance
Due to the recent FDA approval of Makena in February 2011, no postmarketing information is currently available. Postmarketing studies are currently ongoing to confirm the safety and the efficacy of the drug in reducing the rate of preterm birth. A search of www.clinicaltrials. gov using keywords 'hydroxyprogesterone caproate' reveals that KV Pharmaceutical is currently sponsoring two postmarketing trials. One is a confirmatory study of 17OHPC versus vehicle for the prevention of preterm birth in women carrying a singleton gestastion who have a history of a prior singleton preterm birth. The primary outcomes are rate of preterm birth <35 weeks and the rate of neonatal morbidity/mortality. Within this study, the investigators plan to evaluate pharmacokinetics of drug Evaluation -Gupta & Roman 17OHPC. The second study is a noninterventional follow-up trial to evaluate developmental status of children exposed to 17OHPC in utero.
Safety & tolerability Maternal safety & tolerability
There have been few safety and tolerability concerns related to 17OHPC. In the NICHD singleton trial, 50% of patients reported at least one adverse side effect but most of these side effects were related to local injection-site reactions [5] . The most common side effects reports were soreness (34.2%), swelling (14.1%), itching (11.3%) and bruising (6.7%). Only swelling at the injection site or a lump at the injection site were more common in the 17OHPC group than in the placebo group. Similar results were found in the two studies of 17OHPC in twin and triplet pregnancies [42, 43] . These adverse side effects did not appear to affect compliance. In the NICHD singleton trial, compliance was 91.5% but they did not address the reasons for noncompliance [5] . In the study of 17OHPC in twin and triplet pregnancies, compliance was also greater than 90% [42, 43] . In these studies, only two patients discontinued the medication for severe local injection-site reactions and one patient for an adverse side effect not related to the injection site.
Several studies have raised concerns about a possible association of 17OHPC with an increased risk of developing gestational diabetes [48, 49] , but another large study has found no association [50] .
Fetal safety
A number of longitudinal observational studies have evaluated the effect that 17OHPC exposure in utero has on the fetus. Several early studies demonstrated no evidence of teratogenic side effects [51, 52] . In the NICHD singleton trial, the risk of congenital malformations was 2% in both the 17OHPC and placebo groups, which is similar to the overall background risk of congenital malformations, and there was no suspicious pattern to the congenital malformations in the 17OHPC group [5] . A follow-up study by the NICHD approximately 4 years after the original trial showed no difference in health status or physical exam on children of mothers who participated in the study and received 17OHPC compared with those who received placebo [53] .
One area of controversy has been the risk of spontaneous abortion. In the NICHD singleton trial, the risk of miscarriage prior to 20 weeks in the group of patients who received 17OHPC was 1.6% compared with none in the placebo group, but this difference was not statistically significant [5] . Other trials have found either no difference in the miscarriage rate [42] [43] [44] or a lower risk of miscarriage in patients who received 17OHPC [16] . Based on these data, 17OHPC does not appear to be associated with an increased risk of spontaneous abortion.
Regulatory affairs
17OHPC has been approved by the FDA under the trade name Makena. It is approved for use in patients with singleton pregnancies who have a history of spontaneous preterm birth in a singleton pregnancy.
Conclusion
17OHPC is a synthetic form of the natural progestin 17-a-hydroxyprogesterone that is FDAapproved for the prevention of recurrent spontaneous preterm birth in women with a history of a prior singleton spontaneous preterm birth. For women with a history of a prior spontaneous preterm birth between 20 weeks and 36 weeks and 6 days of gestation, the use of 17OHPC has been shown to reduce the risk of recurrent preterm birth by more than 30%. It has not been shown to benefit women with other risk factors for preterm birth such as multifetal pregnancy, short cervix or PPROM in the current pregnancy.
Future perspective
The last 10 years have brought a greater understanding of some of the mechanisms behind preterm birth and means to prevent preterm birth. While progestins appear to be effective in preventing preterm birth in high-risk patients, the mechanism of action needs to be further elucidated and indications for which they are beneficial. Promising work is being accomplished in the area of the genetics of preterm birth. Certain gene polymorphisms related to cytokine and progesterone receptors have been identified and linked to an increased risk of preterm birth [54] [55] [56] . The hope is that we will one day more effectively identify women at highest risk of preterm birth and target our preventative measures according to the risk factors.
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Executive summary
Background • The rate of preterm birth in the USA is approximately 12%. • Preterm birth is a significant public health problem and is associated with short-and long-term health problems for the infant. • One of the strongest known risk factors for preterm birth is prior spontaneous preterm birth in a singleton pregnancy.
Overview of the market
• Until recent years, the only effective intervention for preterm birth focused on the reduction of neonatal morbidity in patients with signs or symptoms of preterm labor. • Progestins are a class of drugs found to decrease the risk of preterm delivery in patients who are at high risk based on their history or because of a short cervix. • 17-a hydroxyprogesterone caproate (17OHPC) is a type of progestin that has been shown to decrease the risk of spontaneous preterm birth in patients with prior spontaneous preterm birth in a singleton pregnancy.
Mechanisms of action
• 17OHPC is administered via weekly intramuscular injection of 250 mg starting at 16-20 weeks of gestation to be continued until 36 weeks of gestation or delivery, whichever comes first. • The mechanism of action is poorly understood, but 17OHPC appears to exert its primary effect on the cervix in preventing premature cervical ripening.
Pharmacokinetic properties
• The 250-mg weekly intramuscular dose reaches an average peak concentration at postinjection day 1 with an average half-life of 10 days. • There is a linear association between 17OHPC plasma concentration and BMI and there is a lower 17OHPC plasma concentration in African-American women. • 17OHPC is metabolized by both adult and fetal hepatocytes and, to a lesser extent, the placenta, and is excreted in the feces and urine.
Clinical efficacy
• In patients with a prior spontaneous singleton preterm birth after 20 weeks gestation, 17OHPC has been shown to reduce the rate of recurrent spontaneous preterm birth before 37 weeks by more than 30%. • It has also been shown to reduce the rate of low-birth-weight infants and several neonatal morbidities in this population. • 17OHPC does not appear to reduce the risk of preterm birth in patients with multifetal pregnancies, preterm premature rupture of membranes or short cervical length.
Safety & tolerability
• The majority of maternal adverse effects reported are local injection-site reactions.
• The drug appears to be well-tolerated as compliance rates in large trials are over 90%.
• It does not appear to be associated with teratogenic effects in the fetus.
Regulatory status
• 17OHPC has been approved by the US FDA under the tradename Makena™.
Conclusion
• 17OHPC is FDA-approved for the indication of reducing the risk of recurrent preterm birth in patients carrying a singleton gestation with a prior spontaneous preterm birth of a singleton fetus. 
